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Introduction

Mango (Mangifera indica L.) is one of the most important com-
mercial fruits grown in India and is cultivated in more than 100 
countries spread over in five continents. The annual world pro-
duction of mango is approximately 39,984,576 mt. India’s con-
tribution to the world’s mango production is 17,650,000 mt from 
2,502,000 ha and about 59,220.8 mt of mango is exported of 
approx. value of Rs. 16,292.1 lakhs during 2010–2011. In spite 
of the highest area (22,05,000 ha), the mango productivity is get-
ting reduced from 1991–92 (8.1 mt/ha) to 2010–2011 (6.6 mt/
ha).1 This is because mango production is badly hit by various dis-
eases such as gummosis, internal necrosis, dieback, sooty-mold, 
black-tip, anthracnose, powdery mildew2 and, among those, mal-
formation in mango is the most important and threatening dis-
ease of recent times causing considerable damage to the mango 
orchards worldwide.3,4 Mango malformation as recognized as 
early as 1891 by an expert mango grower from Darbhanga dis-
trict in Bihar.5 Malformation is not only well-known in India 
but has also been confirmed in most mango-growing coun-
tries such as Pakistan, the Middlle East, Egypt, South Africa, 
Brazil, Sudan, Central America, Mexico, United States, Cuba, 
Malaysia, Australia, Israel, UAE and Bangladesh.6-10 There are 
several confusions in the literature to explain the nature of this 
malady because research efforts made up to now have not been 
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able to determine its etiology. The complication of the disorder 
is ascribed by various factors like mites, fungal, viral and physi-
ological factors.11 Present scenarios of mango malformation rely 
on the fact that Fusarium sp is having a wide acceptability in the 
scientific community as a causal agent of this disease. Recently, 
it has been reported that F. mangiferae is associated with mango 
malformation in Spain and Europe.3,12-14 However, physiologi-
cal studies suggest that symptoms appear in malformed tissue 
resemble the symptoms caused by ethylene, which include leaf 
epinasty, abscission, formation of aerenchyma, suppression of 
apical dominance, hypertrophy of lenticels and increased gum-
mosis and necrosis.2,15-20 Biotic stress (e.g., pathogen attack) elicits 
ethylene synthesis in plants.21 Ethylene production by Fusarium 
spp in vitro was measured under comparable conditions.22-25 
Ethylene inducing protein (Nep1-like protein, NLP) that directly 
induces ethylene production in the attacked host. The NLPs and 
their homologs have been reported in many Fusarium sp.26 As 
shown in Figure 1, there are three routs of ethylene biosynthesis 
in plants, microorganism and fungi. Particularly, 2-oxoglutarate-
dependent oxygenase-type EFE pathway occur entirely in fungi. 
Up to now, no evidence has been presented for the existence 
of 2-oxoglutarate- dependent oxygenase-type EFE pathway in 
plants.27 This study was designed to determine if F. mangiferae 
isolated from mango could produce ethylene in vitro, and thereby 
potentially contribute to malformation.
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Discussion

Morphological examination of F. mangiferae isolated from mal-
formed as well as healthy tissues of mango revealed that among 
the studied features, macro- and micro-conidia and conidio-
genesis are the significant features used in the characterization 
of species. All the studied isolates were in conformity with the 
earlier used standard and displayed highly similar characteristics 
defined for F. mangiferae.30 The growth pattern, their colors, sep-
tate hypha, microconidia, macroconidia and transverse sections 
of hyphae were extremely specific to the described features of the 
species.

The production of ethylene by all 10 isolates F. mangiferae 
in this study is consistent with earlier work.25 Although endog-
enous ethylene levels in mango tissues were found to be higher in 
malformed tissues than the respective healthy tissues at different 
developmental stages of flowering in mang,2,18,31,32 and Fusarium 
spp are capable of producing ethylene, the role of ethylene induc-
tion by F. mangiferae in causing mango malformation has not 
been successfully demonstrated. The present study provides fur-
ther evidence that isolates of F. mangiferae produce ethylene, and 
the amounts produced can vary between isolates. These results 
suggest that F. mangiferae could contribute to the malformation 
of mango by producing ethylene and stimulating stress ethylene, 
production in malformed tissue of mango. The disease severity 
is reflected with the mean temperature preceding flowering. It is 
most severe where mean temperature remains between 10–15°C. 
It is mild where the corresponding temperature is 15–20°C, 
sporadic at 20–25°C and nil over 25°C. Influences of differ-
ent temperatures have also been reported to affect growth and 
conidia germination of Fusaria. There was no growth of fungus 
at temperatures below 12°C and above 40°C, the temperatures 
of 25°C and 30°C were better suited for growth and sporulation 
of F. mangiferae. Therefore, we have an impression that endog-
enous ethylene content in mango tissues or ethylene produced by 
Fusaria itself may be affected with the trends of seasonal variation 
in temperature.32 However, the level of ethylene contributed by 
the F. mangiferae to stress ethylene pool: when invading the plant 
tissues needs to be investigated further. As shown in Figure 1, 
there are three routes of ethylene biosynthesis in plants, microor-
ganism and fungi. Up to now, no evidence has been presented for 
the existence of 2-oxoglutarate-dependent oxygenase-type EFE 
in plants.27 This study provides the first direct evidence of ethyl-
ene production by F. mangiferae obtained from mango. Further, 
expression analysis of ethylene-forming-enzyme (EFE) will be 
taken into account for elucidating ethylene biosynthetic pathway 
in Fusarium sp (mangiferae) to narrate ethylene as a key player in 
malformation.

Materials and Methods

Morphological and cultural identification of F. mangiferae. 
Malformed and healthy samples of mango cultivars, namely, 
Dashehri, Chausa, Amrapali, Mallika and Bombay Green 
grown were collected from several locations of different districts, 

Results

The in vitro grown Fusarium culture obtained from malformed 
and healthy floral tissues of mango cultivars viz., Dashehri, 
Chausa, Amrapali, Mallika and Bombay Green grown in differ-
ent districts, namely, Bareilly, Haldwani, Lucknow, Dehradun of 
India, exhibited most similarities to the accepted standard fea-
tures of F. mangiferae (Table 1). The colonies developed from 
single-spore isolation methods revealed white plus light purple 
color on obverse side and purely light purple on reverse side of 
petri dishes after 14 d, which transformed to prominent purple 
color after 21 d. The sporulation started quickly after 3 d in 
mycelia mat of all isolates. Sclerotia- or chlamydospores-like fun-
gal fragments were not observed in any isolate. The longitudinal 
section of hypha was septate. Conidia were slightly sickle shaped 
to straight. Macroconidia of all the isolates were four-celled 
(3-septate). Microconidia were in large number and were mostly 
fusiform, oval to elliptical in shape, partitioned with septa (0–1) 
and produced on polyphialides in false heads. Obovoid micro-
conidia of F. mangiferae were also observed (Fig. 2). The size 
of micro- and macro-conidia conformed to the reported stan-
dards for the species ranging from 3.1–4 × 4.3–14.3 μM, 3.5–5 
× 45–60 μM, respectively.

All isolates of F. mangiferae tested produced ethylene (Table 2), 
ranging from 9.28–13.66 n mole/g dry wt/day. Ethylene was not 
recorded in the culture bottles containing uninoculated media 
(control) (Table 2).

Figure 1. Ethylene biosynthesis pathways. First pathway, in higher 
plants, involves methionine (MET) as a precursor through the inter-
mediates S-adenosyl methionine (SAM) and 1-aminocyclopropane-
1-carboxylic acid (ACC). Second pathway described in bacteria where 
methionine is deaminated to produce α-keto γ-methylthiobutyric acid 
(KMBA), which is then oxidized to produce ethylene. Third one is found 
in range of fungi including Fusarium oxysporum in which 2-oxoglutarate 
is catalyzed by ethylene-forming enzyme (EFE). In addition to 2-oxo-
glutarate, the EFE of these organisms needs other amino acids such as 
arginine.
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on potato dextrose agar (PDA) plates/slants.29 A single-spore 
isolation technique was used for producing pure cultures of the 
Fusaria. Single spores were transferred from the axenic suspen-
sion culture to sterilized Petri plates/slants of PDA. From these 
parent cultures, mycelial growth from the culture margin was 
used for sub culturing as and when required. The parent cul-
tures were maintained at 5 ± 1°C.13,28 The colonies of F. man-
giferae were purified on carnation leaf agar (CLA) medium 
and the identification was done on the basis of typical macro 
and microconidia.29,30 Morphological and culture features such 
as colony color, shape and structure of mycelium, shape and 
structure of micro- and micro-conidia, number of septations 

namely, Bareilly, Haldwani, Lucknow, Dehradun of India for 
isolation and identification of the fungi present. For isolation 
of the pathogen, small pieces of mango measuring about 5 
mm long were cut using sterilized sharp scalpels. The pieces 
were then surface sterilized with 0.1% HgCl

2
 solution for 2 

min, washed thrice with sterilized distilled water to remove the 
HgCl

2
, then placed on pre-sterilized blotting paper to remove 

excess moisture. Four to five surface-sterilized pieces were asep-
tically transferred with forceps onto Czepeck’s dox agar plates/
slants.28 After the plates/slants were incubated at 27+1°C in 
BOD incubator for 3–4 d, the mycelial growth from the margin 
of the culture was aseptically removed for further purification 

Table 1. Morphological and cultural characteristics of isolates of Fusarium mangiferae from Dashehri, Chausa, Amrapali, Mallika and Bombay Green 
cultivars of mango grown in Bareilly, Haldwani, Lucknow, Dehradun districts of India, recorded on CLA medium

Morphological 
characteristics

Fusarium mangiferae

Isolate-1 Isolate-2 Isolate-3 Isolate-4 Isolate-5 Isolate-6 Isolate-7 Isolate-8 Isolate-9 Isolate-10

Microconidia 
obovoid

+ + + + + + + + + +

Microconidia 
oval to allan-
toid/or fusoid

+ + + + + + + + + +

Sterile coiled 
hyphae

- - - - - - - - - -

Conidiophore 
originated erect

+ + + + + + + + + +

Conidiogenous 
openings: ≤ 3

+ + + + + + + + + +

Conidiogenous 
openings: ≥ 3

- - - - - - - - - -

Microconidia 
0-septate

+ - - - - - + - + -

Microconidia 
occasionally 

1-septate
- + + + + + - + - +

Macroconidia 
3-septate

+ - - - - - + - + -

Macroconidia 
3–5 septate

- - - - - - - - - -

Chlamydospore - - - - - - - - - -

Polyphialides + + + + + + + + + +

White + purple 
colony color 

in Petri dishes 
(obverse)

+ + + + + + + + + +

Purple colony 
color in Petri 

dishes (reverse)
+ + + + + + + + + +

Host specific ? ? ? ? ? ? ? ? ? ?

 “+” indicates the presence of the characteristic; “-” indicates the absence of the characteristic and “?” Indicates that the characteristic has not been 
reported.
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micro- and micro-conidia, presence/absence of polyphialides 
and chlamydospores were recorded.

Quantification of ethylene. Five millimeter discs from the 
fungal mat of each isolate were cut from 10-d-old pure cultures 
of the F. mangiferae. Isolates obtained from mango (Mangifera 
indica L.) tissues and were inoculated aseptically into the ster-
ilized culture bottles, each containing 100 ml of PDA. After 
inoculation, the bottles were closed with specially made screw 
caps fitted with serum stoppers. Two layers of parafilm were 
wrapped around the brim of the caps to make the bottles leak-
proof. The culture bottles were then placed in a BOD incubator 
at 27 ± 1°C for 1 mo under constant shaking, at which time the 
ethylene content of the culture bottles was estimated by gas liq-
uid chromatography (GLC). Four replicates were done for both 
control (uninoculated) as well as inoculated media for ethylene 
estimation.
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Figure 2. Morphological features of Fusarium mangiferae isolated from 
mango cultivars viz., Dashehri, Chausa, Amrapali, Mallika and Bombay 
Green grown in Bareilly, Haldwani, Lucknow, Dehradun districts of 
India, (A) White plus purple colony color in Petri dish (obverse). (B) 
Longitudinal septate hypha. (C) Three-septate (four-celled) typical 
macroconidium and obovoid microconidia.
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Number of isolates Concentration of ethylene (nano mole/g. dry wt./day) Mean (nano mole/g dry wt/day)

R1 R2 R3

Control 00.00 00.00 00.00 00.00
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SEm ± 
Cd. at 5% 

CV

0.5926474 
1.738155 
10.43215




